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ZLWKWKH.\RWR3URWRFROWDUJHWRIUHGXFLQJ*+*VHPLVVLRQVWROHYHOVQXPHURXVSROLFLHVKDYHEHHQ
LPSOHPHQWHGDWERWKWKHQDWLRQDODQGLQWHUQDWLRQDOOHYHOZKLFKDUHGHVLJQHGWRUHGXFHHQHUJ\FRQVXPSWLRQ
LQWKHURDGWUDQVSRUWVHFWRUE\DFWLQJERWKRQWKHSODQQLQJDQGRSHUDWLRQDOVLGH
)RFXVLQJVSHFLILFDOO\RQWKH6SDQLVKFDVHWKHWUDQVSRUWDWLRQVHFWRUFRQWULEXWHVHYHQPRUHWR*+*WKDQ
WKH(8DYHUDJHDQGLVUHVSRQVLEOHIRURIWKHWRWDO&2HPLVVLRQV,7)2(&'5RDGWUDQVSRUW
SURGXFHVDURXQGRI WRWDO&2HPLVVLRQV IURPWUDQVSRUW ,7)2(&''XULQJUHFHQWGHFDGHV
WKHURDGQHWZRUNKDVEHHQJUHDWO\H[WHQGHGDQG6SDLQQRZKDVNPRIPRWRUZD\SHUNPDKLJK
UDWH FRPSDUHG WR WKH (8 DYHUDJH RI NPNP ,($2(&'  )XUWKHUPRUH LW VKRXOG EH
QRWHG WKDW WUDIILF IURP  WR  KDV JURZQ E\ PRUH WKDQ  DQG LPSO\LQJ DQ LQFUHDVH LQ &2
HPLVVLRQV0LQLVWHULRGH)RPHQWRD&RQVHTXHQWO\URDGWUDQVSRUWLVRQHRIWKHNH\DFWLRQVHFWRUV
RQWKH6SDQLVKVXVWDLQDELOLW\SROLF\DJHQGDDIDFWUHIOHFWHGLQWKH6SDQLVKHQHUJ\SROLF\(QHUJ\6DYLQJ
DQG (IILFLHQF\ 6WUDWHJ\ (  ,'$(  DQG LQ WKH UHFHQWO\ DSSURYHG6DYLQJ DQG (QHUJ\
(IILFLHQF\$FWLRQ3ODQ ,'$(,WVPDLQREMHFWLYHLV WRUHGXFHHQHUJ\FRQVXPSWLRQE\
LQ
7KHFRPSHWHQFHVIRUWKH6SDQLVKURDGQHWZRUNDUHVKDUHGDPRQJWKHVWDWH WKH$XWRQRPRXV5HJLRQV
DQGWRDOHVVHUH[WHQWWKHFLWLHV7KHQHWZRUNFRQVLVWVRINPRIPRWRUZD\VLQFOXGLQJNPRI
WROO URDGV 0LQLVWHULR GH )RPHQWR D 7ROO SD\PHQW LVPRYLQJ IURPPDQXDO V\VWHPV WR DGYDQFHG
V\VWHPVVXFKDVHOHFWURQLFWROOFROOHFWLRQ(7&1RQHWKHOHVVXVHUVRIWHQWHQGWRSD\PDQXDOO\FDXVLQJ
FRQJHVWLRQDWWROODUHDV
7KLV SDSHU SUHVHQWV D PHWKRGRORJ\EDVHG VFHQDULR EXLOGLQJ WR DVVHVV WKH HQHUJ\ FRQVXPSWLRQ RI
GLIIHUHQW SROLFLHV IRU PDQDJLQJ WKH PRWRUZD\ QHWZRUN LQ D PRUH VXVWDLQDEOH ZD\ 7KH SROLF\ RSWLRQV
WHVWHGDUHPDQDJHPHQWRIWUDIILFIORZVLQSDUDOOHOURDGVHFWLRQVDQGWROODUHDV7KHSDSHULVVWUXFWXUHGDV
IROORZV6HFWLRQGHDOVZLWKWKHHVWLPDWLRQRIWKHURDGIRRWSULQWDVDQHZDSSURDFKWRPDQDJLQJURDGV
6HFWLRQGHVFULEHVWKHPDLQYDULDEOHVZKLFKVKRXOGEHFRQVLGHUHGIRUPRWRUZD\IRRWSULQWRSWLPL]DWLRQ
7KHVHYDULDEOHVVHUYHDVWKHVWDUWLQJSRLQWIRUSURSRVDORISROLF\DSSOLFDWLRQV6HFWLRQ9DULRXVSROLF\
DSSOLFDWLRQVDUHWKHQYDOLGDWHGLQWZRGLIIHUHQWFDVHVWXGLHV)LQDOO\UHVXOWVDUHREWDLQHGZKLFKIRUPWKH
EDVLVIRUSURSRVLQJQHZVWUDWHJLHVIRUUHGXFLQJFDUERQHPLVVLRQVLQPRWRUZD\QHWZRUNV6HFWLRQDQG
5RDGIRRWSULQWDQHZPDQDJHPHQWDSSURDFK
7KHFDUERQIRRWSULQWRIDURDGFDQEHGHILQHGDVWKHWRWDODPRXQWRI&2DQGRWKHU*+*VHPLWWHGRYHU
WKHIXOOOLIHF\FOHRIDURDGFRQVWUXFWLRQRSHUDWLRQPDLQWHQDQFHDQGGHFRQVWUXFWLRQSKDVH+RZHYHUWKLV
SDSHUGHDOVRQO\ZLWKWKHURDGRSHUDWLRQWKDWPDQDJHVWUDIILFIORZVHPLWWLQJ&2GXHWRIXHOFRPEXVWLRQ
(QHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV PRGHOV DUH XVHG WR HVWLPDWH WKH URDG IRRWSULQW LQ WKH RSHUDWLRQDO
SKDVH 7KHVH PRGHOV SURYLGH DQ REMHFWLYH WRRO WR HYDOXDWHPHDVXUHV VWUDWHJLHV DQG VFHQDULRV DQG FDQ
LQWHJUDWH WKH PDQDJHPHQW RI WKH HQHUJ\ IRRWSULQW DLU TXDOLW\ DQG HQHUJ\ HIILFLHQF\ LQWR WKH GHFLVLRQ
PDNLQJ SURFHVVHV $IIXP %URZQ 	 &KDQ  (QHUJ\ FRQVXPSWLRQ DQG FRQVHTXHQWO\ WKH &2
HPLVVLRQV GHSHQGV RQ D QXPEHU RI SDUDPHWHUV VXFK DV URDG OD\RXW W\SH RI URDG DQG JUDGLHQW LWV
URXJKQHVV WUDIILF IORZ GLVWULEXWLRQ FRQJHVWLRQ OHYHOV HWF $ ODUJH QXPEHU RI PRGHOV KDYH EHHQ
GHYHORSHG IRU WKLV SXUSRVH 6PLW 1W]LDFKULVWRV 	 %RXOWHU  FRQVLGHULQJ URDG DQG WUDIILF
FKDUDFWHULVWLFV 2WKHU PRGHOV DUH EDVHG RQ DSSO\LQJ WKH SULQFLSOHV RI PHFKDQLFV WR WKH FDOFXODWLRQ RI
HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV %XUJHVV	&KRL  -DQLF =DFKDULDGLV1W]LDFKULVWRV	
6DPDUDV  7KH\ GHWHUPLQH HQHUJ\ FRQVXPSWLRQ LQ SURSRUWLRQ WR WKH IRUFHV WKDW RSSRVH YHKLFOH
PRWLRQ LQFOXGLQJ UROOLQJ UHVLVWDQFH DHURG\QDPLF GUDJ DQG DLU HQWUDQFH UHVLVWDQFH DQG LQHUWLDO DQG
JUDYLWDWLRQDOORVVHV


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5RDGPDQDJHPHQWIURPDQHQHUJ\HIILFLHQF\DSSURDFK
7UDQVSRUW HQHUJ\ FRQVXPSWLRQ FRQWLQXHV WRPDLQWDLQ D FORVH UHODWLRQVKLSZLWK WKHJURZWKRI RYHUDOO
HFRQRPLFDFWLYLW\1HYHUWKHOHVVLWKDVEHHQVKRZQWKDWURDGWUDQVSRUWLVWKHODUJHVWFRQWULEXWRUPRGHWR
ILQDOHQHUJ\FRQVXPSWLRQDQGLVRQHRIWKHJUHDWHVWFKDOOHQJHVIRUHQHUJ\VXVWDLQDELOLW\&2HPLVVLRQV
IURPWKHURDGVHFWRUDUHKLJKHU WKDQ LQDQG WKLV ILJXUH LVVHW WR LQFUHDVH LQ WKHIXWXUH26(
7KH6SDQLVK URDG WUDQVSRUW VHFWRU QHHGV WR DFKLHYH VLJQLILFDQW HQHUJ\ DQG HPLVVLRQV VDYLQJV WR
PHHWWKH.\RWR3URWRFROWDUJHW,QDGGLWLRQWRFRQWLQXLQJWRHQFRXUDJHHIIRUWVLQIXHOHIILFLHQF\VWDQGDUGV
SURPRWLRQ RI QHZ HIILFLHQW YHKLFOHV HFRGULYLQJ EHKDYLRUDO FKDQJH WR PRUH HIILFLHQW PRGHV HWF
DWWHQWLRQ VKRXOGEHSDLG WR URDG DXWKRULWLHV DQGRSHUDWRUV7KH\ KDYH WKHSRWHQWLDO WRPDQDJH WKH URDG
QHWZRUN LQ D VDIH UHOLDEOH HFRQRPLFDO DQG VXVWDLQDEOH ZD\ 7KLV ODVW DVSHFW FRQWULEXWLQJ PRUH WR
VXVWDLQDELOLW\ DQG RYHUDOO HQHUJ\ HIILFLHQF\ PXVW EH WDNLQJ LQWR DFFRXQW LQ D QHZ URDG PDQDJHPHQW
DSSURDFKVSHFLILFDOO\DLPLQJWRUHGXFHHQHUJ\FRQVXPSWLRQRQWKHURDGQHWZRUNGXHWRWUDIILFIORZV$
QHZ HIIHFWLYH PDQDJHPHQW IRU RSHUDWLRQDO SKDVHV VKRXOG EH GHILQHG WR KHOS URDG DXWKRULWLHV DQG
VWDNHKROGHUV WRRSWLPL]HHQHUJ\FRQVXPSWLRQDQG&2 LPSDFWV WKURXJKRXW WKHRSHUDWLRQDOSKDVHRI WKH
URDGV
2$6,6PRGHO
7KH2$6,6SURMHFW LQWHQGVWRFRYHUWKLVJDSE\GHYHORSLQJDQ(QHUJ\)RRWSULQW0RGHOIRU5RDGVLQ
WKH2SHUDWLRQDO3KDVH7KHPDLQDLPRI2$6,6LVWRGHILQHDQGWRGHYHORSDPRGHOIRUFDOFXODWLQJWKH
HQHUJ\IRRWSULQWRIWKHKLJKZD\ZLWKUHJDUGWRWKHFRQWULEXWLRQRIWUDIILFIORZDQGKLJKZD\GHVLJQ7KH
2$6,6PRGHOHVWLPDWHVYHKLFOHDLUHPLVVLRQVDQGHQHUJ\FRQVXPSWLRQDWWKHKLJKZD\VHFWLRQOHYHOIRUWKH
EDVLFURDGQHWZRUNLQ6SDLQ,WVKRXOGEHQRWHGWKDWWUDIILFFRQJHVWLRQLVQRWDQLPSRUWDQWLVVXHDWPDFUR
OHYHO H[FHSW WKH TXHXHV IRUPHG GXH WR VWRS DQG SD\ DW WROO JDWHV &RQJHVWLRQ RFFXUV RQO\ LQ WKH
PHWURSROLWDQ SDUW RI WKH QHWZRUN ZKLFK KDV QRW EHHQ LQFOXGHG LQ WKH VWXG\ 2$6,6 PRGHO XVHV WZR
GLIIHUHQWW\SHVRIHPLVVLRQVPRGHOVLQRUGHUWRHVWLPDWHWUDIILFIORZHQHUJ\FRQVXPSWLRQDQGHPLVVLRQV
&23(57,91W]LDFKULVWRV*NDW]RIOLDV.RXULGLV	6DPDUDVDQGWKHPHFKDQLFDOPRGHO%XUJHVV
	&KRL &23(57XVHV YDULDEOH DYHUDJH VSHHG WR SUHGLFW HPLVVLRQV DQG IXHO FRQVXPSWLRQ7KH
PHFKDQLFDOPRGHOHVWLPDWHVWKHHQHUJ\FRQVXPSWLRQQHHGHGWRRYHUFRPHH[WHUQDOIRUFHVRQWKHWROOJDWH
XQGHUGLIIHUHQWWROOSD\PHQWVFKHPHV
,0)2,QWHJUDWHG0RWRUZD\)RRWSULQW2SWLPL]DWLRQ
7KHWRWDORI&2HPLVVLRQVIURPPRWRUZD\WUDIILFIORZVGHSHQGVRQGLIIHUHQWIDFWRUVDVVKRZQOLQH$
RI WKH IROORZLQJ ILJXUH&DUERQ LQWHQVLW\GHSHQGVRQ IXHO HIILFLHQF\ VWDQGDUGVZKLFK DUH FXUUHQWO\ WKH
PRVWZLGHO\XVHGWUDQVSRUWSROLF\LQVWUXPHQWIRUVWLPXODWLQJFOLPDWHFKDQJHPLWLJDWLRQDQGUHGXFLQJRLO
GHSHQGHQF\&UHXW]LJ0F*O\QQ0LQ[	(GHQKRIHU'HPDQGUHIHUVWRWKHPRVWUDWLRQDOXVHRI
WKHYHKLFOH$FWLRQVVXFKDVSURPRWLQJHFRGULYLQJPRGDOVKLIWWRPRUHHIILFLHQWWUDQVSRUWPRGHHWFFDQ
FRQWURO GHPDQG 3pUH]0DUWtQH]0LQJ'HOO¶$VLQ	0RQ]yQ 5RGHQEXUJ8EEHOV	1LMNDPS
)LQDOO\FRQVXPSWLRQIDFWRUVGHSHQGRQVSHHGURDGJUDGLHQWDQGYHKLFOHW\SHZKLFKDUHWKHPDLQ
LQSXWYDULDEOHVIRUFDOFXODWLQJWKHURDGIRRWSULQWXVLQJWKH2$6,6PRGHOOLQH%
,Q RUGHU WR RSWLPL]H WKH URDG IRRWSULQW OLQH & UHSUHVHQWV SROLF\ DFWLRQV WKDW LQIOXHQFH WRWDO &2
HPLVVLRQV IURP WUDIILF IORZV 3ODQQHUV FDQ DFW GLUHFWO\ RQ WKHVH YDULDEOHV WKURXJK VWUDWHJLHV LQYROYLQJ
HQHUJ\HIILFLHQWURDGPDQDJHPHQW5HFHQWO\VSHHGPDQDJHPHQWKDVEHFRPHDIDUPRUHSRSXODUVWUDWHJ\
IRU UHGXFLQJ URDG HPLVVLRQV DV ZHOO DV FRQWULEXWLQJ WR WUDIILF VDIHW\ ,QW 3DQLV %URHN[	 /LX 
.HOOHUHWDO.HXNHQ-RQNHUV:LOPLQN	:HVVHOLQJ5RDGGHVLJQSOD\VDQLPSRUWDQWUROH
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DW WKH GHVLJQ DQG EXLOGLQJ VWDJH VLQFH URDG JUDGLHQW LV D GLUHFW YDULDEOH (QFRXUDJLQJ YHKLFOH IOHHW
UHQRYDWLRQ LV DQRWKHU ZD\ RI SURPRWLQJ HQHUJ\HIILFLHQW URDG WUDQVSRUW $UDQGD8VRQ9DOHUR&DSLOOD
=DEDO]D%ULELDQ6FDUSHOOLQL	/OHUD6DVWUHVD)LQDOO\QHWZRUNPDQDJHPHQW LQWHJUDWHVDOO WKHVH
DFWLRQVDQGFRQVLGHUVWKHFRPELQHGXVHRIDOODOWHUQDWLYH2'URXWHV











)LJ2$6,6PRGHO%UHDNGRZQRI&2HPLVVLRQVIURPWUDIILFIORZVLQPRWRUZD\
6HOHFWHGSROLF\DSSOLFDWLRQVDQGFDVHVWXGLHV
7KLVVHFWLRQVSHFLILHVWKHSROLF\DSSOLFDWLRQVWREHFRQVLGHUHGDQGDSSOLHGLQWZRGLIIHUHQWFDVHVWXGLHV
6HOHFWHGSROLF\DSSOLFDWLRQV
7KH VHOHFWHG SROLF\ DSSOLFDWLRQV DUH GHVFULEHG WKURXJK D VFHQDULREXLOGLQJPHWKRGRORJ\ 7KH ILUVW
VWHSLQWKHPHWKRGRORJ\LVWKHVHOHFWLRQRIDURXWHZKLFKKDVWZRDOWHUQDWLYHVURDGVDFRQYHQWLRQDOURDG
DOWHUQDWLYHDQGDWROOURDGDOWHUQDWLYH7KHVFHQDULRLVWKHQEXLOWWDNLQJLQWRDFFRXQWWKUHHGLIIHUHQW
W\SHVRIPDQDJHPHQWWUDIILFIORZVDQGVSHHGPDQDJHPHQW)LJ$GGLWLRQDOO\WKHUHLVDOVRWKHRSWLRQ
RIVWXG\LQJWKHLQIOXHQFHRIWKHWROOV\VWHPVRQWKHWROOPRWRUZD\
7KHURDGIRRWSULQWLVFDOFXODWHGIRUHDFKVFHQDULRFRQVLGHULQJWKHWRWDORIWKHWZRDOWHUQDWLYHURXWHV
DQG GLUHFWLRQV 7KH2$6,6PRGHO ZKLFK WDNHV LQWR FRQVLGHUDWLRQ WKH PDLQ FKDUDFWHULVWLFV RI GLIIHUHQW
VFHQDULRVLVXVHGIRUWKLVSKDVH7KHQH[WVWHSLVWKHFRPSDULVRQRIWKHIRRWSULQWVFHQDULRV7KHUHIHUHQFH
VFHQDULRLVFRPSDUHGWRWKHGLIIHUHQWPDQDJHPHQWSURSRVDOVLQRUGHUWRHYDOXDWHWKHPRVWHQHUJ\HIILFLHQW
PDQDJHPHQWRSWLRQV7KHGLIIHUHQWPDQDJHPHQWVWUDWHJLHVDQGVFHQDULRVDUHH[SODLQHGLQ7DEOH
)LJ2XWOLQHRIHQHUJ\HIILFLHQWPRWRUZD\PDQDJHPHQW
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7DEOH3URSRVHGPDQDJHPHQWVWUDWHJLHV

5HJDUGLQJWROOPDQDJHPHQWWKLVPHWKRGRORJ\GHWHUPLQHVWKHHQHUJ\RYHUFRQVXPSWLRQRIDSDUWLFXODU
VWUHWFKGXHWRWKHH[LVWHQFHRIDWROODUHDRQLW7KLVHQHUJ\RYHUFRQVXPSWLRQLVEDVHGRQWKHGLIIHUHQWWROO
SD\PHQWV\VWHPVPDQXDOSD\PHQW(7&DQGIUHHIORZSD\PHQWV\VWHPV7KHVFHQDULREXLOGLQJ LV WKHQ
FDUULHGRXWWDNLQJLQWRDFFRXQWWZRGLIIHUHQWW\SHVRIPDQDJHPHQWWUDIILFIORZDQGWROOSD\PHQWV\VWHPV
7KHWROOPDQDJHPHQWRSWLRQVDUHGHWDLOHGLQWKH7DEOHEHORZ
7DEOH7ROOV\VWHPVFHQDULRV
&DVHVWXG\DSSOLFDWLRQV
&DVHVWXG\EHWWHUXVHRIWROOPRWRUZD\FDSDFLW\

7KH LQIOXHQFH RI GLIIHUHQW URDG FKDUDFWHULVWLFV DQG WUDIILF IORZV RQ HQHUJ\ FRQVXPSWLRQ DQG
VXEVHTXHQW&2HPLVVLRQVLVDQDO\]HGLQDFDVHVWXG\RI3DMDUHV7ZRSDUDOOHOURDGDOWHUQDWLYHVWKDWSDVV
WKURXJK WKH &DQWDEULDQ0RXQWDLQV EHWZHHQ /HRQ DQG $VWXULDV LQ QRUWKHUQ 6SDLQ 7KH ILUVW DOWHUQDWLYH
FRUUHVSRQGVWRWKH1FRQYHQWLRQDOURDGWKHVWUHWFKDQDO\]HGLVDPRXQWDLQSDVVZKLFKLVUHODWLYHO\
KLOO\DQGZLWKVWULFWVSHHGUHVWULFWLRQVDQGKDVDWRWDOOHQJWKRINP7KHVHFRQGDOWHUQDWLYHLVWKH$3
 WROO PRWRUZD\ ,W KDV KLJKHU URDG TXDOLW\ WKDQ WKH 1 VLQFH WKH KLOO\ VWUHWFKHV DUH UHVROYHG E\
PHDQV RI WXQQHO DQG YLDGXFWV 7KH WRWDO OHQJWK RI WKH VWXG\ URXWH LV NP 7KH GDWD IRU WKH LQSXW
YDULDEOHVDUHGHULYHGIURPWKHIROORZLQJVRXUFHV$$'7DQGVSHHGGDWDDUHREWDLQHGIURP WKH6SDQLVK
7UDIILF0DS 0LQLVWHULRGH)RPHQWR E7KH URXWHGLYLVLRQE\ VWUHWFKHV URDGJUDGLHQW DQG
OHQJWKDUHREWDLQHGIURPWKHWHVWFRQGXFWHGLQ0DUFKZLWKRQERDUGUHFRUGLQJHTXLSPHQW
0DQDJHPHQWVWUDWHJ\ 6FHQDULR 'HILQLWLRQ
 6 5HIHUHQFHVFHQDULR$OORWKHUVFHQDULRVZLOOEHFRPSDUHGWRWKLV
7UDIILFPDQDJHPHQW
672// $OOWUDIILFIORZVDUHWUDQVIHUUHGWRWKHWROOPRWRUZD\
6+'9 $OOKHDY\GXW\YHKLFOHVIRUWKHFRQYHQWLRQDOURDGDUHWUDQVIHUUHGWRWKH
WROOPRWRUZD\
6SHHGPDQDJHPHQW
663(('Ļ 6SHHGUHGXFWLRQRQWKHWROOPRWRUZD\IRUOLJKWYHKLFOHVNPK
663(('Ļ 6SHHGUHGXFWLRQRQWKHWROOPRWRUZD\IRUOLJKWYHKLFOHVNPK
7UDIILF6SHHG
PDQDJHPHQW
6+'963(('Ļ $OOKHDY\GXW\YHKLFOHVDUHWUDQVIHUUHGWRWKHWROOPRWRUZD\DQGWKHUH
LVDVSHHGUHGXFWLRQRQWKHWROOPRWRUZD\IRUOLJKWYHKLFOHVNPK
672//63(('Ļ $OOWUDIILFIORZVDUHWUDQVIHUUHGWRWKHWROOPRWRUZD\DQGWKHUHLVD
VSHHGUHGXFWLRQRQWKHWROOPRWRUZD\IRUOLJKWYHKLFOHVNPK
0DQDJHPHQWVWUDWHJ\ 6FHQDULR 'HILQLWLRQ
 6 7ROOPDQDJHPHQWUHIHUHQFHVFHQDULR$OORWKHUVFHQDULRVZLOOEH
FRPSDUHGWRWKLV
7UDIILFPDQDJHPHQW 6+'9(7& $OOKHDY\GXW\YHKLFOHVXVHWKH(7&SD\PHQWV\VWHPV
7ROOV\VWHPPDQDJHPHQW
6(7& $OOW\SHVRIYHKLFOHVXVHWKH(7&SD\PHQWV\VWHPV
6)5(()/2: $OOW\SHVRIYHKLFOHVXVHWKHIUHHIORZSD\PHQWV\VWHP
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&DVHVWXG\EHWWHUXVHRISD\PHQWWHFKQRORJLHV

7RDQDO\]HWKHLQIOXHQFHRIGLIIHUHQWSD\PHQWWROOV\VWHPVZHKDYHFKRVHQDFDVHVWXG\RIDVHFWLRQ
RQWKH$3WROOKLJKZD\7KLVWROODUHDLVORFDWHGDWNLORPHWHURQWKH$3QHDUWKHXUEDQDUHDRI
/ORGLREHWZHHQ%LOEDRDQG0LUDQGDGH(EUR2QWKLVURXWHWKH$$'7LVYHKGD\RIZKLFK
DUHKHDY\GXW\YHKLFOHV7KHPHFKDQLFDOPRGHOZDVDSSOLHG WRFDOFXODWH WKHHQHUJ\GHPDQG LQ WZR WROO
VFHQDULRV WUDGLWLRQDOWROOSD\PHQWV\VWHPDQGHOHFWURQLFWDJ(7&,QWKHFDVHRIIUHHIORZWKHHQHUJ\
GHPDQG ZDV HVWLPDWHG ZLWK WKH2$6,6 PRGHO $$'7 DQG WKH XVH RI HDFK WROO SD\PHQW V\VWHP ZHUH
REWDLQHG IURP WKH 6SDQLVK 7UDIILF 0DS  0LQLVWHULR GH )RPHQWR E DQG WKH $3 WROO
PRWRUZD\FRQFHVVLRQDLUHUHVSHFWLYHO\
'LVFXVVLRQRIUHVXOWV
&DVHVWXG\UHVXOWVEHWWHUXVHRIWROOPRWRUZD\FDSDFLW\
7KHRXWFRPHVVKRZVSHHGPDQDJHPHQWVWUDWHJLHVWREHWKHPRVWHIIHFWLYHDORQJZLWKWKHLQWHJUDWLRQ
RI WUDIILF IORZV DQG VSHHG PDQDJHPHQW &RQYHUVHO\ VFHQDULR 6 72// VKRZV DQ LQFUHDVH LQ IXHO DQG
HQHUJ\ FRQVXPSWLRQ DQG&2 HPLVVLRQV 7KLV LV MXVWLILHG E\ WKH IDFW WKDW DOWKRXJK WROOPRWRUZD\V DUH
EHWWHUTXDOLW\ WKHLUVSHHG LVJUHDWHUFRPSDUHG WRFRQYHQWLRQDO URDGV WKXV LQFUHDVLQJ WKHURDGIRRWSULQW
7KH FRPSDULVRQ RI HDFK VFHQDULRZLWK WKH UHIHUHQFH VFHQDULR6 LV VKRZQ LQ )LJ8QGHU VFHQDULRV6
63(('ĻDQG663(('ĻWKHJUHDWHUWKHVSHHGUHGXFWLRQWKHJUHDWHUWKHFKDQJHVLQHPLVVLRQV$VSHHG
UHGXFWLRQ RI  NPK OHDGV WR VDYLQJ RI DOPRVW  RI &2 HPLVVLRQV SHU \HDU ZLWK UHJDUG WR WKH
UHIHUHQFH VFHQDULR 1HYHUWKHOHVV VSHHG UHGXFWLRQ OHDGV WR DQ LQFUHDVH LQ WUDYHO WLPH 7UDQVIHUHQFH RI
KHDY\GXW\IORZV WRWROOPRWRUZD\VSURGXFHVVDYLQJVRIOHVVWKDQ+RZHYHU WUDQVIHUHQFHRIKHDY\
GXW\ IORZV WR WROO PRWRUZD\V ZLWK D VSHHG UHGXFWLRQ IRU OLJKW YHKLFOHV RQ WROO PRWRUZD\V SURGXFHV
HPLVVLRQV VDYLQJV RI QHDUO\  ,W VKRXOG EH QRWHG WKDW 6 +'963((' LV WKH PRVW HQHUJ\HIILFLHQW
VFHQDULRDOWKRXJK&2HPLVVLRQVDQGIXHOFRQVXPSWLRQDUHVPDOOHUWKDQ663(('Ļ7KLVLVMXVWLILHGE\
WKHIDFWWKDW+'9KDYHEHHQDVVXPHGWRXVHRQO\GLHVHOIXHOZKLFKLVPRUHHQHUJ\HIILFLHQWWKDQSHWURO
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
)LJD&2HPLVVLRQVDQGEHQHUJ\FRQVXPSWLRQVDYLQJVLQDFRPSDULVRQRIVFHQDULRV
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&DVHVWXG\UHVXOWVEHWWHUXVHRISD\PHQWWHFKQRORJLHV
,QWKHVHFRQGFDVHLQWKHSUHVHQWVWXG\WZRGLIIHUHQWWROOV\VWHPVKDYHEHHQDQDO\]HGWUDGLWLRQDOWROO
DQG(7&7KHPDLQGLIIHUHQFHEHWZHHQWKHPLVWKHPHWKRGRISD\PHQW7KHWUDGLWLRQDOWROO LVVSOLW LQWR
WKUHHSKDVHVGHFHOHUDWLRQPVVWRSSLQJWRSD\IHHVVHFRQGVDQGDFFHOHUDWLRQPVDQG(7&
ZKHUH FRPPXWHUVPHUHO\ KDYH WR VORZ WKHLU FDUV GRZQ WR D FHUWDLQ VSHHG PV WR SD\ LQVWHDG RI
EULQJLQJWKHYHKLFOHWRDFRPSOHWHKDOW7KHXVHVKDUHRIHDFKRQHRIWKHVHWROOV\VWHPVLQ/ORGLRLV
IRUWUDGLWLRQDOWROOVDQGIRU(&75HJDUGLQJYHKLFOHFDWHJRULHVWKHXVHVKDUHLVIRUOLJKWYHKLFOH
(7& YHUVXV  IRU WUDGLWLRQDO WROOV DQG  (7& IRU KHDY\GXW\ YHKLFOHV (7& YHUVXV  IRU
WUDGLWLRQDOWROOSD\PHQW/DVWO\HQHUJ\FRQVXPSWLRQDQGVXEVHTXHQW&2HPLVVLRQVZHUHHVWLPDWHGLQWKH
IUHHIORZV\VWHPZLWKRXWWKHXVHRIWROOERRWKVDQGWKHUHIRUHZLWKRXWUHGXFLQJYHKLFOHVSHHG7KHUHVXOWV
IRU&2HPLVVLRQVDQGHQHUJ\FRQVXPSWLRQSHUYHKLFOHNLORPHWUHE\YHKLFOHDUHVKRZQLQ)LJDDQG
WKHVDYLQJVE\W\SHRIYHKLFOHIRUDOOWROOVFHQDULRVDSSHDULQ)LJE

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)LJD&2HPLVVLRQV.J&2YHKNPDQGE&2HPLVVLRQVVDYLQJVLQGLIIHUHQWWROOVFHQDULRV
7KHFRPSDULVRQDPRQJWKHGLIIHUHQWYHKLFOHVFOHDUO\UHYHDOVWKDWWKHJUHDWHVWVDYLQJVDUHSURGXFHGLQ
+'9 VRYHKLFOHPDVVSDUDPHWHU VLJQLILFDQWO\ DIIHFWV&2 HPLVVLRQV7KHPRVW VLJQLILFDQW VDYLQJV DUH
SURGXFHGLQWKHIUHHIORZVFHQDULRZLWKVDYLQJVLQ&2HPLVVLRQVYHUVXVLQWKH6(7&VFHQDULR
DQGRQO\ LQ WKH6+'9(7& VFHQDULR7KHPDLQ UHDVRQ LV WKDW LQERWK VFHQDULRV WKHUHDUHGLIIHUHQW
PRYHPHQWVWDJHVGHFHOHUDWLRQDVWRSLQRQHFDVHDQGDFFHOHUDWLRQZKLOHLQIUHHIORZYHKLFOHVDUHQRW
UHTXLUHGWRUHGXFHWKHLUVSHHG2QWKHRWKHUKDQGFRQJHVWLRQSURGXFHGE\WKHPDQXDOSD\PHQWDWWKHWROO
JDWH6VFHQDULRSURGXFHVDQLQFUHDVHRIHQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQVE\
6HQVLWLYLW\DQDO\VHV
$V ZDV VKRZQ LQ )LJ  WKH FRQVXPSWLRQ IDFWRU GHSHQGV RQ WKUHH PDLQ YDULDEOHV VSHHG URDG
JUDGLHQWDQGYHKLFOHW\SH7KHVHQVLWLYLW\DQDO\VLVRIWKHURDGIRRWSULQWPRGHOUHYHDOVZKLFKIDFWRULVWKH
PRVWLQIOXHQWLDOIRUHQHUJ\FRQVXPSWLRQDVZHOODVIRU&2HPLVVLRQV,WKDVEHHQFDUULHGRXWIRUWKH6
72//VFHQDULRZKHUHDOO WUDIILF IORZVSDVV WKURXJKWKH WROOPRWRUZD\$ZLGHUDQDO\VLVKDVEHHQGRQH
LQFOXGLQJDOOPDLQSDUDPHWHUVDWWROOJDWH3pUH]0DUWtQH]HWDO
7KHILUVWVWHSLVWRFRQVLGHUWKHSDUDPHWHUVZKLFKFDQEHPRGLILHGLQWKHRSHUDWLRQDOSKDVHVSHHGDQG
WUDIILF IORZV6HQVLWLYLW\ WR VSHHG LV WKHPRVW LPSRUWDQW UHVXOW)LJ D VKRZV WKDW&2 HPLVVLRQV DUH
PRVW VHQVLWLYH WR VSHHG LQ WKH RSHUDWLRQDO SKDVH :KHQ VSHHG ZDV UHGXFHG E\  &2 HPLVVLRQV
GHFUHDVHGVLJQLILFDQWO\IURPWKRXVDQGWRWKRXVDQGRIWRQVSHU\HDU$WKRURXJKDQDO\VLVRIVSHHG
SDUDPHWHUV VKRZHG WKDW VSHHG IRU OLJKWYHKLFOHV LVPRUH VHQVLWLYH WKDQVSHHG IRUKHDY\YHKLFOHVZKLFK
PHDQVWKDWDSSO\LQJVSHHGUHGXFWLRQPDQDJHPHQWVWUDWHJLHVWROLJKWYHKLFOHVSURGXFHVDJUHDWHUUHGXFWLRQ
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LQ&2HPLVVLRQVDQGFRQVHTXHQWO\JUHDWHUHIILFLHQF\WKDQE\DSSO\LQJWKHVHVWUDWHJLHVWRKHDY\YHKLFOHV
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)LJ6HQVLWLYLW\DQDO\VHV&2HPLVVLRQVZLWKSDUDPHWHUFKDQJHVXQGHUVFHQDULR672//
7KH VHQVLWLYLW\ UHVXOWV IRU URDG JUDGLHQW SDUDPHWHUV DUH VKRZQ LQ )LJ F:KHQ WKH URDG VORSH
LQFUHDVHVIURPWR&2HPLVVLRQVURVHIURPWKRXVDQGWRWKRXVDQGWRQVSHU\HDUDVYHKLFOHV
FRQVXPHDORWPRUHHQHUJ\RQXQIDYRXUDEOHVORSHV$VWKHURDGJUDGLHQWLVDGLIILFXOWSDUDPHWHUWRFKDQJH
LQ WKHRSHUDWLRQDOSKDVH LW VKRXOGEHFRQVLGHUHGGXULQJ WKHGHVLJQDQGEXLOGLQJVWDJHRI WKHPRWRUZD\
SURMHFW )LJ G VKRZV WKDW WKHUH LV D  GLIIHUHQFH EHWZHHQ WKH FDOFXODWLRQ RI &2 HPLVVLRQV
FRQVLGHULQJ WKH URXWH GLYLVLRQ RQ KRPRJHQHRXV VWUHWFKHV DQG FRQVLGHULQJ DYHUDJH FKDUDFWHULVWLFV ,Q
FRQFOXVLRQWKHURDGJUDGLHQWLVDQLPSRUWDQWIDFWRUWKDWVKRXOGEHGHILQHGZLWKFDUH
&RQFOXVLRQVDQGUHFRPPHQGDWLRQV
(QHUJ\HIILFLHQF\LVRINH\LQWHUHVWWRWUDQVSRUWDWLRQVWDNHKROGHUV,WLPSURYHVJOREDOZDUPLQJKHDOWK
LPSDFWVDQGIRVVLO IXHOVGHSHQGHQF\:LWKUHODWLYHO\HDV\PHDVXUHV LPSURYHPHQWVFDQEHPDGHLQIXHO
FRQVXPSWLRQDQGWKHHQHUJ\IRRWSULQWGHSHQGLQJRQWKHPHDVXUHVVFHQDULRV&RRSHUDWLYHLPSOHPHQWDWLRQ
ZKHUH YHKLFOHV WHFKQRORJ\ DQG PDQDJHPHQW V\VWHPV DFWLYHO\ LQWHUDFW KDYH WKH SRWHQWLDO WR IXUWKHU
LPSURYHHQHUJ\HIILFLHQF\
7KLV SDSHU LQYHVWLJDWHV WKH HIIHFW RI LPSOHPHQWLQJ GLIIHUHQWPRWRUZD\PDQDJHPHQW VWUDWHJLHV DQG
WROO SD\PHQW V\VWHPV RQ HQHUJ\ FRQVXPSWLRQ DQG &2 HPLVVLRQV $Q HQHUJ\HIILFLHQW PDQDJHPHQW
PHWKRGRORJ\ ZDV GHYHORSHG IRU WUDIILF IORZ RQ WKH 6SDQLVK PRWRUZD\V FDSDEOH RI DGGUHVVLQJ SROLF\
PHDVXUHV DQG VWUDWHJLHV LQ GLIIHUHQW VLWXDWLRQV 7KH SURSRVHG PHWKRGRORJ\ VXJJHVWV D SURFHGXUH WR
PDQDJH WUDIILF IORZV RQ WKH 6SDQLVK QHWZRUN IURP WKH SRLQW RI YLHZ RI HQHUJ\ HIILFLHQF\ DQG LV
VXSSRUWHG E\ D PRGHO WR HYDOXDWH WKH URDG HQHUJ\ IRRWSULQW 0RUHRYHU WKLV PHWKRGRORJ\ KDV EHHQ
DQDO\]HGDQGYDOLGDWHGE\DSSOLFDWLRQ WR WZRGLIIHUHQWFDVH VWXGLHV7KH UHVHDUFKKDVFRQVLGHUHG WUDIILF
IORZHIILFLHQF\E\SURPRWLQJHQHUJ\HIILFLHQWDOWHUQDWLYHURXWHVZKLFKFRXOGUHGXFHHQHUJ\FRQVXPSWLRQ
DQGHPLVVLRQVDWYHU\ORZFRVW7KHFDVHVWXG\UHYHDOHGWKDWWKHPRVWHIIHFWLYHWUDIILFIORZPDQDJHPHQW
LVWKHUHGXFWLRQRIVSHHGRQPRWRUZD\VIRUFDUVZKLFKZDVDOVRSURYHGLQWKHVHQVLWLYLW\DQDO\VHVZLWK
UHGXFWLRQ RI VRPH  RI &2 HPLVVLRQV )XUWKHUPRUH KHDY\GXW\ YHKLFOH IORZV KDYH DOVR EHHQ
VXFFHVVIXOO\ WUDQVIHUUHG WRDOWHUQDWLYHKLJKTXDOLW\PRWRUZD\V UHGXFLQJHQHUJ\FRQVXPSWLRQE\
:LWKUHJDUGWRWROODUHDPDQDJHPHQWLWKDVEHHQSURYHGWKDWWKHXVHRIQHZWHFKQRORJLHVZRXOGUHGXFH
HQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQVXSWRDQGLPSURYHRWKHUIDFWRUVVXFKDVWUDYHOWLPH)XWXUH
LQFUHDVHRIWUDIILFIORZVFRXOGSURGXFHUHJXODUFRQJHVWLRQLIURDGFDSDFLW\LVRYHUSDVV7KHQLWZRXOGEH
QHFHVVDU\WRLPSURYHWKH2$6,6PRGHOVLQFHHPLVVLRQIDFWRUVRIWUDIILFLQFRQJHVWHGVLWXDWLRQVDUHWZLFH
DVKLJKDVWKRVHZLWKIUHHIORZWUDIILF.HXNHQHWDO
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)LQDOO\VRPHUHFRPPHQGDWLRQVFDQEHREWDLQHGIURPWKLVVWXG\,QYLHZRIWKHIDFWWKDWXVHUVFKRRVH
WKH URXWHZLWK WKH ORZHVWSHUFHLYHGJHQHUDOL]HGFRVW±LQFOXGLQJ WLPHFRVWV WKH2$6,6PRGHO FRXOGEH
XVHG WR LPSURYHHQHUJ\HIILFLHQF\ LQ WUDIILF IORZV LQ6SDLQ HQFRXUDJLQJKHDY\GXW\ IORZV WRXVHPRUH
HIILFLHQWPRWRUZD\VWKURXJKSROLFLHVVXFKDVVXEVLGL]LQJSDUWRIWKHSULFHLQRUGHUWRREWDLQIOH[LEOHWROO
UDWHVRIIHULQJJXLGHOLQHVIRUSODQQLQJURXWHVZKLFKDOORZWKHUHGXFWLRQRIIXHOXVHDQGLQGLFDWLQJVKRUWHU
VDIHUDQGPRUHVXVWDLQDEOHURXWHVZLWKOHVVWUDIILFGLVUXSWLRQ
$FNQRZOHGJHPHQWV
7KLV 2$6,6 SURMHFW ZDV IXQGHG E\ &(1,7 6SDQLVK UHVHDUFK SURJUDP 0LQLVWU\ RI 6FLHQFH DQG
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
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=DFKDULDGLV71W]LDFKULVWRV/	6DPDUDV=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